
I 

I f .  

.f ** 

I 

a $ GPO PRICE 

CFSTI PRICE(S) $ 

N 6 6 1 1 0 5 5 2  (THRU) 
IACCESSION NUMBER) 1 

0 

* (CODE) 
3 2 - -71 

(PAOES) .. 
Hard copy (HC) 

7bDJ 
c 
5 

(NASA CR OR TMX OR AD NUMBER) 

I -  5 3  Microfiche (MF) 

ff 653 July 65 

GllllllllD 
GENERAL DYNAMICS 

ASTRONAUTICS 

A2136-1 (REV. 6-61) 



20 Wch 1964 
Revised 30 November 1964 

Prepacred for 

NMA Iangley Reeearch Canter 
hugley Station 

h p t o n ,  Ve. 

by Checked by 

t r i c  Boat Division Chief, Systems Engineering 

Approved by 
D. Krsuee 

Deputy Project Mrnrrger Project Maneger 



. 

t. 

-_ - _  -- ~~~ 

A 701-1 (REV. 1-62) 



.. .. 

1/ Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2.1 Functiaas . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2.2 Deecriptian of Subsymtcp . . . . . . . . . . . . . . . . . . . .  2 

2.2.1 w a s t e  Water Collection l~nlrr . . . . . . . . . . . . . . .  9 
2.2.2 W a a t e  Water Rocereing Unite . . . . . . . . . . . . . . .  4 
2.2.3 Holding Tanka . . . . . . . . . . . . . . . . . . . . . .  8 
2.2.4 Rseh  Water Starege T.nkr . . . . . . . . . . . . . . . .  5 . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  f 2.3 Water Utilizatien and Furi%y 
2.3.1 Water Balance 
2.3.2 Recovered Urine Water . . . . . . . . . . . . . . . . . .  
2.3.3 Recovered Weah Water . . . . . . . . . . . . . . . . . . .  p 
2.3.4 Recovered Mrmldity condhnsate . . . . . . . . . . . . . . .  p 
2.3.5 Borch Reactar Water . . . . . . . . . . . . . . . . . . .  9 

Reliability.Considsratians . . . . . . . . . . . . . . . . . . . . . .  16 
3.1 Reliabitlity Canaideratian8 . . . . . . . . . . . . . . . . . . .  10 

3.1.1 General . . . . . . . . . . . . . . . . . . . . . . . . .  
3.1.2 Design Requirements . . . . . . . . . . . . . . . . . . .  10 
3.1.3 Operational Reliability, Wintainability uad Safety . . .  U 

3.2 Aormalhbde . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
3.2.1 Win* Water . . . . . . . . . . . . . . . . . . . . . . .  14 
3.2.2 Boec . Reectar Water . . . . . . . . . . . . . . . . . . .  14 
3.2.3 Used Wash Water . . . . . . . . . . . . . . . . . . . . .  14 
3.2.4 Humidity Candensate . . . . . . . . . . . . . . . . . . .  14 
3.2.5 Recovered Matera . . . . . . . . . . . . . . . . . . . . .  14 
3.2.6 Maintenance Requirements for the H a m  al. Modes of OpQprtiorr 15 

3.3 Back-up Mode . . . . . . . . . . .  . . . . . . . . . . . . . .  15 
3.3.1 Breakdown of Processing Unit 1 . . . . . . . . . . . . .  14 
3.3.3 m g e n c y  s i k W i o n  . . . . . . . . . . . . . . . . . . .  16 

41 Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
4.1 Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
4.2 Theznml Requirements . . . . . . . . . . . . . . . . . . . . . .  20 
4.3 Vstm Trwrm . . . . . . . . . . . . . . . . . . . . . . . . .  a 
4.4 Instrmcmtation and cantsol . . . . . . . . . . . . . . . . . . .  22 
4.5 Weate ~ i s p o o d  . . . . . . . . . . . . . . . . . . . . . . . . .  23 
4.6 vacmm s a ~ r c e  and M i n g  . . . . . . . . . . . . . . . . . . .  23 
4.7 Resupply . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

3.3.2 BroskdoM Of R O c 4 S 8 -  wit #2 . . . . . . . . . . . . .  l6 

AppsndixA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Rsittretnaer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 8  

i 



Table No. Title 

2.1 water U c e  (-is: 1 ~an-w) 

pprgt 

8 

3.1 Ikergenoy kter . n 7 c e  LB 
4.1 Estimated Prnrer for the Watu: Mansgement %baystan 20 

4.2 Estimated Heating and Cooling Requirements - z 
Water Management Subsystem 

4.3 Water Trt?mqmrt Requirements 22 

A S c h e d ~ l e  - Start-Vp Water Requiranents 24 

LIST OF FIGURES 

T i t l e  - Figure No. 

2.1 ?ntegrated Water MaDagemcnt System - 
lievised schanatic 

3 .1  Processing wit #I Failed 

3.2 Processing Uni t  #2 Failed 

3.3 Both U n i t s  Failed 

page 
2-A 

ii 



.. 

This subsystem specif icat ion accounts f o r  the equipment required i n  an operational 
water management subsystem as par t  of the L i f e  Support System f o r  Space Fl ights  
of Extended Time Periods, Contract NAS 1-2934. 
techniques resul ted from the study described i n  the  Water Management Systan E v a -  
uation Report (Reference 1) . 

The recamended water processing 

This report  sunrmarizes the requirements of the components making up the Yater 
management subsystem and also outlines the operational procedure f o r  normal and 
emergency s i tua t ions  as well as the integration requirements of this subsystem 
with other subsystems. 

Both a f l i g h t  and prototype system are  discussed i n  t h i s  report. The d i f -  

The two systems do 

The prototype 

ference between these two l i e s  chiefly i n  the l i m i t  of e f f o r t  expended in minimi- 
zing the  weight, power, and volume of the prototype system. 
not d i f f e r  i n  an operational sense except f o r  the f a c t  t h a t  the  prototype system 
i s  designed t o  operate i n  a 1-g as w e l l  as a 0-g environment. 
system i s  being developed f o r  NASA/LRC under this contract. 



The primary task involved in maintaining a usable water supply in the closed 
environment of a spacecraft is the necessity of reclaiming waste waters. In 
addition to waste water reclamation, however, facilities for the following 
functions must be available: 

a. Storage of raw urine, used wash water, and humidity condensate. 

b. Collection of reclaimed water for quality analysis (holding tanks) 

c. Storage of purified water. 

d. Transfer of water to and frm tanks and between reclamation systems 
when necessary. 

e. Storage of emergency water supplies. 

f. Heating of potable water. 

g. Cooling of potahle water. 

h. Mspensing of water for Irinklng, food preparation, and washing. 

i. Collection of waste waters and water from the CO2 reduction unit. 

j. Provision of water for electrolysis. 

k. Provisions for cleansing and disinfecting of any fresh water tanks that. 
may be contaminated. 

Heating, cooling, and dispensing of potable water will be treated as part 
of the food subsystem. Facllitles for dispensing of wash water and collection 
of used wash water will be included in the personal hygiene subsystem. 
ties for collection of urine will be provided in the waste management subsystem, 
Humidity condensate is delivered directly from the main cabin air dehumidifier 
to the water management subsystem. 

Facili- 

2.2 DESCRIFTION OF SUBSYS!CEM 

A schematic diagram of the water management subsystem as a whole is shown in 
Figure 2.1. 
(except that valves 2A, 2B, and 2C would be turned to off position after waste 
water is transferred to the processing unit "pretreatment tanks"). 

This schematic shows the valve positions for "normal mode" operation 

Zero "g" 
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tanks required for storage of the waste and recovered waters are shown with 
connections to a caupressed gas source. 
collapse bladders against the water Inside the tanks when desired to expel water 
from these tanks. 
measurements. 

The pressurized gas will serve to 

Design of the tanks will allow for approximate water level 
The major components of the subsystem can be sunmarized as follows: 

a. Two waste heat air evaporation units will be provided for recovery of 
water from the three waste waters. An on-line multi-filtration unit 
is included in the subsystem for emergencies only. Wing normal 
operation, urine is to be processed in one of the air evaporation uits 
and waste wash water and humidity condensate are processed in the second 
unit. 

b. Tanks a r e  provided for collection of waste waters, collection and hold- 
ing of recovered waters, storage of electrolysis water, storage of 
reclaimed water , and storage of emergency water supply. 

The tank capacities are specified for both the flight system and prototype 
system. The prototype tank sizes will be standardized rather than providing 
tanks of minimum required capacity for reasons of economy. 
for the various tanks are in accordance with requirements for water transfer 
within the water management system and between other systems. 
for both flight and prototype systems. 
take into account the hydrostatic head due to differences in level between tanks 
and equipuent according to the location of equipment in the simulator. 

Pressures designated 

Values are given 
The pressures for the prototype system 

2.2.1 WASTE UAm COILEXXION TA14Ks 

a. 

b. 

C .  

Urine (CT-3).  
Capacity - 46 lbs (prototype - 46 lbs) 
Pressure - 1 to 2 psig (prototype - 3.85 to 4.80 psig) 
Function - Collection of urine delivered by the collection unit (in the 
waste management subsystem). 
processing unit #2, 

Urine from this tank is fed directly to 

Used Wash Water (CT-1) 
Capacity - 46 lbs (prototype - 46 lbs) 
Pressure - 1 to 2 psig (prototype - 3,85 to 4.80 psig) 
Function - Collection of used wash water delivered from the personal 
hygiene subsystem. 
processing unit #l. 

Used wash water from this tank is fed directly to 

Humidity Condensate ((2-2) 
Capacity - 40 lbs (prototype - 46 lbs) 
Pressure - 1 to 2 psig (Prototype - 3.85 to 4.80 psig) 
Function - Water from the main cabin air dehumidier continuously flows 
to this tank. Waste water f r c a n  this tank is fed to processing unit #l 
dur ing  normal operation. In emergency situations, this waste water is 
procased through the emergency filtration unit. 

3 
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2.2.2 WASTE WATER PROCESSING UNITS 

a. Processing U n i t  #2 
0 

Type - Waste heat air evaporation 
Capacity - Capable of processing 32.8 pounds of waste water i n  16 hours. 
Recovery r a t e  of prototype unit  i n  normal operating mode will be 1.25 
lb/hr. If Processing Unit #2 falls, recovery r a t e  of Processing Unit 
#2 w i l l  be 1.64 lb/hr. 
R.lnction - Processing U n i t  #2 w i l l  reclaim water from urine during the  
normal mode of operation (other modes of operation w i l l  be discussed i n  
Section 3 of t h i s  report  . The unit del ivers  recovered water ( f r e e  
of non-condensable gases 1 t o  a holding tank which w i l l  be vented of 
pressurized air  before f i l l i ng .  The un i t  i s  emected t o  recover at  
l e a s t  955 of the  water contained i n  raw urine. 

b. Processing U n i t  #1 
!I’y-pe - Waste heat air evaporation; i den t i ca l  t o  processing unit #2. 
Capacity - Capable of processing 32.8 pounds of waste water i n  16 hours. 
Recovery rate of pro to t  e uni t  i n  normal operating mode will be 32.8 
pounds i n  20 hours (1.6 Y lb/hr). 
Function - Processing U n i t  #1 w i U .  reclaim water from used wash water 
and humidity condensate during the normal mode of operation (other 
modes of operation w i l l  be discussed i n  Section 3 of t h i s  report  . 
The un i t  del ivers  recovered water ( f r ee  of non-condensable gases 
a holding tank which will be vented of pressurized air before f l l l i n g .  
The u n i t  i s  expected t o  recover 97s of the water contained i n  used 
wash water and T$ of the  water contained i n  humidity condensate. 

t o  ! 

c. Buergency F i l t r a t i o n  U n i t  
!Type - Mult i - f i l t ra t ion  (activated charcoal, ion exchange r e s i n  and a 
bacter ia  f i l t e r )  
Capacity - Capable of processing 19.6 lbs of humidity condensate i n  
16 hours f o r  17 days. 
Function - W i l l  pur i fy  humldity condensate t o  produce potable water 
during periods of emergency operation (breakdown of both air evapora- 
t i on  processing uni t s ) .  
the nrul t i - f i l t ra t ion  unit. 

A recovery eff ic iency of 99s i s  expected frm 

2.2.3 HOLDING TANKS 

a. Holding Tank #3 (HT-3) 
Capacity - 41 lbs  (prototype - 46 lbs) 
Pressure - 8 t o  9 psig (prototype - 11.55 t o  14.0 psig)  
Function - Under normal operation, recovered ur ine from processing un i t  
#2 i s  collected i n  t h i s  tank. 
ambient d u r i n g  col lect ion of processed waste water so t h a t  t h e  in t e rna l  
pressure i s  0 psig. 
conductivity probe (within the processing u n i t )  w i l l  continuously monitor 
the chemical pu r i ty  of recovered water. 

The gas s ide of the tank i s  vented t o  

While water is  collected i n  t h i s  tank, an in - l ine  

( In  the  event of a f a i l u r e  of 
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processing un i t  #1, t h i s  tank, cycled with holding tank #2, w i l l  be 
used t o  col lect  all recovered waste water and w i l l  hold the water during 
an analysis f o r  bacter ia . )  
transferred back t o  one o f  the waste water col lect ion tanks f o r  repro- 
cessing. Recovered water meeting qual i ty  standards i s  transferred t o  
the wash water storage tank (under normal operating conditions) and t o  
the potable water storage tank ( i n  the back-up mode when processing 
u n i t  #l has f a i l e d ) .  
the tank t o  the pressure shown above. 

Water not meeting qua l i ty  standards is  

Water t ransfer  is accmplished by pressurizing 

b. Holding Tank #2 (HT-2) 
Capacity - 41 lbs  (prototype - 46 l b s )  
Pressure - 8 t o  9 psig (prototype - 11.55 t o  14.0 psig) 
Function - W i n g  normal operation, waste water processed through 
processing u n i t  #1 (used wash water and humidity condenslte) i s  col- 
lected i n  t h i s  tank and analyzed f o r  bacter ia  a t  the end of a batch 
operation. 
i t y  probe ( w i t h i n  t he  processing u n i t )  w i l l  continuously monitor t he  
chemical puri ty  of recovered water. 
t o  ambient during collection of processed waste water so  t h a t  the 
in t e rna l  pressure i s  0 psig. 
the processing units,  t h i s  tank is used fo r  collection of a l l  recovered 
water, cycled w i t h  a second holding tank, and w i l l  hold t h i s  recovered 
water f o r  a qual i ty  check including analysis fo r  bacteria.)  Recovered 
water not meeting qual i ty  standards i s  transferred back t o  one of the 
waste water c o l e c t i o n  tanks f o r  reprocessing. Recovered water meeting 
qual i ty  standards i s  transferred t o  the potable water storage tank. 
Water t ransfer  i s  accomplished by pressurizing the  tank t o  the pressure 
shown above. 

While water is  collected i n  t h i s  tank, an in-line conductiv- 

The ges s i d e  of the tank is  vented 

( I n  the event of a f a i l u r e  of e i t h e r  of 

c. Holding Tank #1 ("T-1) 
Capacity - 41 l b s  (prototype - 46 lbs) 
Pressure - 8 t o  9 psig (prototype - 11.55 t o  14.0 psig) 
Function - Same as holding tank #2 except t h a t  wahr from processing 
u n i t  #2 i s  not collected i n  t h i s  tank when processing u n i t  #1 fails .  

d .  Electrolysis Accumulator (N-1) 
Capacity - 9 l b s  
Pressure - 8 t o  9 psig (prototype -9L33:lttwl8.P psig) 
Function - Collects and temporarily holds water given off by the Bosch 
CO2 reduction uni t .  
water f o r  the e l ec t ro lys i s  un i t .  
s is  i s  per iodical ly  transferred from the  patable water storage tank t o  
the accumulator. 

The accumulator serves as a constant supply of 
Make-up water required f o r  e lectroly-  

2.2.4 FRESH WATER STORAGE TANKS 

a. Wash Water (ST-3) 
Capacity - 28 lbs (prototype - 46 lbs )  
Pressure - 4 t o  5 p i g  (prototype 9;35;t60lO.s psig) 
Function - Storage of water recovered from urine t o  be used f o r  washing. 

5 



b. Potable Water (ST-1) 
Capacity - 66 l b s  (prototype - 46 lbs) 
Pressure - 4 t o  5 psig (prototype - 9.35 t o  10.5 psig) 
Function - Storage of recovered waeh water and humidity condeneate. 
Water frm t h i s  tank is used f o r  food reconsti tution, drinking, and 
e lec t ro lys i s  make-up. 

c. Raergency Potable Water (ST-2) 
Capacity - 205 lbs  (prototype 184 lbs)  
Pressure - 4 t o  5 ps ig  (prototype - 9.35 t o  10.5 psig)  
Function - Storage of emergency water supply. 
to this tank so t h a t  samples can periodicilly be taken and analyzed for 
pur i ty  

A sample por t  is attached 

\ 

2.3 W.A!PR? UTILIZATION AND PURITY 

2.3.1 WATIB BALANCE. Recovered waste waters w i l l  be used f o r  drinking, food 
preparation, washing, and for  e lectrolysis .  Table 2 .1  gives a breakdown of the 
water sources and uses. 
the  quant i t ies  shown f o r  ur ine and fecal  waste waters a re  average. 
i s  l o s t  i n  discarded food. An estimate of t h i s  loss,  based on an estimated food 
waste of 0.20 lbs/man-day and a 1s loss of water i n  beverages, i s  included i n  
the w a t e r  balance. 

The water allowance shown f o r  consumption i s  maximum; 
Some water 

Some water w i l l  evRporate in to  the cabin atmosphere during washing. This 
water would be removed irom the air as humidity condensate. The amount of water 
t h a t  would evaporate should be small and it is therefore assumed t h a t  all the 
water used f o r  washing w i l l  be collected as used wash water. The f a c t  t h a t  same 
of the wash water w i l l  appear as humidity condensate instead of used wash water 
w i l l  not a f f ec t  the water balance, except f o r  the s l i gh t  difference expected f o r  
recovery eff ic iencies .  Some water is  l o s t  i n  a i r  leaking from the cabin but t h i s  
i s  a negligible loss (estimhted t o  amount t o  less  than 0.005 lbs/man-day). 

Recovery eff ic iencies  used t o  determine the amount of water recovered are 
those believed t o  be obtainable i n  each of the waste water processing uni ts .  
Pu r i t i e s  and usage of each of t h e  recovered waste waters a re  discussed i n  the 
following paragraphs. 

2.3.2 RECOVERED URIIVE WATgR. 
potable water when required) w i l l  be used f o r  washiw. 

Recovered urine water (along with some make-up 

Although under nOrmal conditions recovered urine water will not be used f o r  
human ingestion ( f o r  psychological reasons), and bacter iological  tests will not 
be made i n  the  normal operating mode, the  urine processing equipment w i l l  be 
capable of producing potable water from urine. 
a r d s  f o r  recovered ur ine water are as follows. 

Tentative potable water stand- 
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PH 
Conductivity, max.  Micromhos/cPI 
Total  sol ids ,  m a x .  ppm 

c1 - 
Urea 
Bacteria 
Organoleptic Test 

a 
b 

d 

"3 
504 = 

C 

6 -8 
100 
100 
Less than 20 ppm 
Less than 10 ppm 
Uss than 10 ppm 
Less than 0.5 ppm 
Less than 1 colony per m l  

No v i s i b l e  tu rb id i ty  
No observable color 
No unpleasant odor 
No unpleasant t a s t e  

The water recovered from urine is used as wash water and w i l l  be post- 
t reated w i t h  Benzalkonium Chloride (EAC) t o  provide a cleansing agent which has 
both bactercide and detergent properties.  
s a l t  and is removed from the waste wash water by any of the following techniques: 
activated charcoal, ion exchange, o r  phase change. 

The BAC i s  e s sen t i a l ly  an ammonium 

2.3.3 RECOVERED WASH WATER. 
t o  check fo r  po tab i l i t y  according t o  the ten ta t ive  standards shown above i n  Para- 
graph 2.3.2. All the reclalmed wash water, a f t e r  determined t o  be potable, w i l l  
be t ransferred t o  the potable water storage tank where r e e l a b e d  humidity conden- 
s a t e  w i l l  a l so  be stored The potable water w i l l  be used a s  described i n  the 
following paragraph. 

Water reclaimed from used wash water w i l l  be analyzed 

0' 
2.3.4 RECOVERED HUMIDITY CONDENSATE. Water reclaimed from humidity condensate 
s h a l l  meet t h e  following ten ta t ive  potable water standards: 

PH 
Conductivity, mu. Micromhos/an 
Total sol ids ,  max. ppm 
Bacteria 

c1 - 
so4 = 
Urea 
Organoleptic Tests 

a 
b 

d 

m3 

C 

6 -8 
100 
100 
Less than 1 colony per ml 
Less than 20 ppm 
Less than 10 ppm 
Less than 10 ppm 
Less than 0.5 ppm 

No v i s ib l e  tu rb id i ty  
No observable color 
No unpleasant odor 
No unpleasant t a s t e  

The recovered humidity condensate and recovered wash water meeting potable 
O f  the water standards w i l l  be held f o r  use i n  the potable water storage tank. 

average t o t a l  potable water supply of 8.04 lbs/man-day ( r e  covered condensate and 
wash water), 7.65 w i l l  be used f o r  drinking and food preparation, 0.20 w i l l  be 
used as e lec t ro lys i s  make-up and 0.17 will be required f o r  washing. 

7 
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2.3.5 BOSCH REACTOR UTEZt. 
flow t o  an accumulator and w i l l  be used for e lec t ro lys i s  along w i t h  make-up 
from potable water storage. 

Bosch reactor water averaging 1.9 lbs/man-day w i l l  

9 



3.1 ONSIDIXATIOWS 

3.1.1 cBBD2AL. 
t o  operate i n  three separate modes as follows: 

To achieve the rel iabi l i ty  required, the subsystem is deeigned 

a. Normal Mode - The two air evaporation units operate according to  design 
specifications and purify waste wa,ter 88 required (design contFrruaus 
level). 

b. Back-up Mode - A breakdown of one of the air evaporation processing 
units rewir ing operation of the other unit at  the minFaan continuous 
level. Operation at  the minimum continuous level is  defined as follows: 

1. The sunriving air evaporation unit  operates 25% longer than under 
normsl operation.( 139 longer for  the  prototype system). 

2. 

3.  

Water allocated 
prototype systemf . 
There is no reduction in  e l e c t r a m i s  water make-up. 

or washing is reduced by 5O$.(reduced by 2/3 for  

4. Water & d L @ a t e d  for  drinking and food rehydration rcmain n d .  

5 .  Water allocated far washing canes fran potable supply. 

C. Ehergency Mode - Breakdown of both air evaporation processing units. 
Ehergency operation is defined as follows : 

1. Humidity condensate is processed in  the emergency f i l t ra t ion  unit. 
Water requirements me derived frcm the recovered condensate and 
emergency stores. 

2. Water allocated for d r i n k i n g  and food rehydration remain normal. 

3.  There is  no reduction in  electrolysis wate make-up. 

4. No water is a l l o c a t e d  for washing. 

3.X.2 DESIGN mlRB@NTS. E q u i p a t  must be derigned t o  assure successful 
aperation of the water management subsystem under any of the three modes of 
operation described above. 
to  achieve this assurance of reliable perfonnance: 

The foUowFng miteriamust be adhered t o  in order 

a. No failure of the  primary mods shall prevent init iation of the secondary 
(back-up) mode. 

10 



b. 

C. 

d. 

No single inadvertent mnnrrnl switching sequence results i n  irreversible 
caaponent failure, i.e., ini t ia tes  a loss of m c t i o n  which cannot 
be regained by correction o f t h e  proceduralerror if accauplished in 
a reasonable sequence period. 

The equipment must be amenable t o  maintenance demands of the mission. 
Minimizing the requirement for servicing and preventive maintenance 
cambined with maximizing the potential for  corrective maintenance is 
a major contributor t o  8ubeys42em re l iabi l i ty .  
the major parameter involved i n  the design analysis. hmmptiom c3n- 
cmning the in-flight availability of spare parts and rGpair aaterials 
or special tools must be reflected in  the weight estimates fer the 
operatiow item( a ) .  

Subsystem dam-the is 

The restrictions imposed on the design with respect t o  servicing 
and preventive rnainlmmce should be followed as far as practicable in  
the design for  repair by the operational crew. 

The matching of estimated down-times in  the maintainability analyses 
w i t h  the stated allowable down-times is a key t o  the operational 
re l iab i l i ty  of the subsystem. 
independence between management Arnctions has a marked effect an the  
allarable down-tines for each f'unction. 

It can be noted that the degree  of 

The switchinq Tunctions for any given sequence or mode of operation 
must be minim-Led t o  the extent possible. 
extended t o  avoid: (1) canprcmising the integrity of the equipnent 
items and processes involved, and (2) increasing the equipnent complexity 
of the subsystan. 

In so doing, care must be 

3.1.3 OFMIONAL RELIABILITY, MAINTAINABILITY AND SAF'EIY. Reliability of the  
subsystem i s  defined as the probability of successfully performing its basic 
function for  the specified 
shutdown of the besic f'unction for period8 exceeding the allowable maintenance 
down-times. 

l i f e  without producing failures wia ieh  require a 

Safety i s  defined as the probability that the primary back-up and emergency 
modes of attaining subsystem functions w i l l  uperate so 86 not t o  endanger the 
l i f e  of the mew dur ing  the normal mission during "emergency" or alternate mode 
periods specified. 

Attention must be given t o  the design of simple and f?unctional cauponents, 
processes and process controls whose failure probabilities are inherently low, 
characteristically independent of other failures within the subsystem, and which 
produce high assurance of rapair upon failure. Fran the safety standpoint, no 
single failure can directly create a crew safety hazard. 



Couples wi th  these considerations are  those involved wi th  design approaches 
which increase the  d i rec t  and continuous monitoring capabi l i ty  of the crew wi th  
respect t o  each func t ion  and i t s  processes and which by so doing allow f o r  timely 
corrective action. 

The subsystem s h a l l  be designed t o  operate under the conditions stated 
herein with a r e l i a b i l i t y  of 0.990. 

The types and frequency of f a i lu re  together with the repair capability of 

Avai labi l i ty  is  defined at dm 
the c r e w  and the  repair poten t ia l  of the equipnent system w i l l  be such that 
subsystem ava i l ab i l i t y  of 0.982 is at ta inable .  
f rac t ion  of total desired operating time that the equipuent is actually operable. 

The maximum allowable da rn - tbe  of the  subsystem f o r  the execution of 
servicing and preventive maintenance is two hours (continuous). 
allowable dam-time for corrective maintenance is  six hwrs with an average 
dam-time not to  exceed one how. 

The maximum 

Typical  Maintenance Tasks: Typical tasks required for servicing and 
preventive maintenance as applicable to the water management subsystem are changing' 
of f i l t e r s  and wick cartridges,  replenishment of pretreatment chemicsls, cleansing 
of surfaces exposed t o  "gPiUage" and process materials, and possible inspection 
of exposed seals subject t o  we-. 

Malfunctions requiring corrective maintenance are : 

a. Clogging of feed l i n e s  or a feed metering device 
0 

b. Leakage of air flrm an air evaporation un i t  

c. Fai lure  of an air circulation fan 

d. Fai lure  of liquid-gas separator 

e.  Clogging i n  evaporator 

f. Instrumentation or  control failures 

g. Clogging i n  heat exchangers 

Routine maintenance of the emergency f i l t r a t i o n  u n i t  would consist  of 
replacement of eharcoal, ion axchange and bacter ia  filters if required. 
maintenance wwuld be required in  eases of the following nralArnctians: 

Corrective 

a. 

b. Breakdown of metering.pump. * 

Ologging of feed l i n e s  o r  feed  metering pump 
7- 

L... - - -. 
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Other r epa i r  maintenance requirements would a r i s e  i n  the water management 
subsystem if any of the following defects occurred: 

a. 

b. Clogging of l iquid l ines  

Leakage of waste or  reclaimed waters from f i t t i n g s  or  valves or  tanks 

c. A i r  leakage from pressurized tanks or  a i r  l i n e s  

d.  Contamination of holding tanks o r  potable water storage t a n ' s  with 
impure water (requiring cleansing of the tanks) 

3.2 NORMAL MODE OPERATION 

Operation of the water management subsystem centers about the pur i f ica t ion  of 
the waste waters. The processing of the waste waters can be apprsached i n  
e i t h e r  of two ways, i .e . ,  processing of each of the waste waters can be se- 
quenced t o  start a t  a given time each day or processing of each waste water 
can begin only a f t e r  a s e t  quantity of waste water i s  collected. 
of sequencing the processing operations a re :  

The advantages 

a. Can schedule commencement of processing of each waste water a t  a 
convenient time so t h a t  the tasks  of s tar t -up and shut-down of 
each of the un i t s  do not coincide with other routine tasks  required 
of the rrew. 

b. Can schedule operation of processing un i t s  so t h a t  usage of power, 
waste heat, e tc . ,  i s  optimized within the l i f e  support system. 

The advantages of the altdrnate approach are:  

a. The length of time for operation of each processing u n i t  would be 
the same f o r  each batch. 

b. It might be eas i e r  t o  handle (or  t r ans fe r )  the same quantity of 
water f o r  each batch than it would be t o  handle d i f f e r i a  quant i t ies  
f o r  each batch which would r e s u l t  from sequencing. 

The advantages of set t ing a fixed time f o r  processing each of the waste 
waters seem t o  outweigh the  advantages f o r  the l a t t e r  approach. It w i l l  thus 
be assumed here t h a t  the processing of the waste waters w i l l  be a scheduled 
function. 

Operation of the water management subsystem w i l l  be described i n  the 
paragraphs below by following the  paths of the various waste waters and 
reclaimed waters (See Figure 2.1). 



3.2.1 URINE W A m .  
delivered t o  the urine col lect ion tank which i s  held a t  1-2 ps ig  (3.85 - 4.80 
ps ig  i n  prototype system). 
i n t o  the ur ine col lector  t o  keep it sanitary.  
the  urine col lect ion tank where it, plus addi t ional  pretreatment chemicals 
(Injected i n t o  the d i lu t ion  chamber), prevent bac te r i a l  growth. 
time t o  start  the processing of urine, the  content of the urine col lect ion tank 
i s  t ransferred t o  the  pretreatment tank i n  processing u n i t  #k? where the  operation 
of the un i t  i s  i n i t i a t e d .  Recovered ur ine water i s  t ransferred t o  holding tank 
#3 which i s  vented of pressurized a i r  during processing. The recovered 5 ter 
qual i ty  i s  continuously mfbnitored by an in- l ine conductivity probe. .m 
and d iver te r  valve w i l l  operate i n  case water of high conductivity passes from 
the uni t .  A t  t h e  end of a batch operation, the recovered u r i n e  water i s  sampled 
and checked f o r  impurities. Water m@eting standards i s  t ransferred t o  the  wash 
water storage tank where BAC is added t o  prevent bac te r i a l  growth and t o  provide 
detergent qua l i t i es .  Reclaimed water not meeting standards i s  t ransferred back 
t o  the  urine col lect ion tank f o r  reprocessing. 

Urine collected i n  the  waste management subsystem i s  

L i q i d  dis infectant  solut ion i s  per iodica l ly  sprayed 
This d i s infec tan t  passes i n t o  

When it i s  

An L 

3.2.2 BOSCH REACrOR WATl33. 
t o  the  e lec t ro lys i s  accumulator which i s  held a t  8-9 psig (9.35 t o  10.5 i n  
prototype system). 
water from potable water storage is avai lable  t o  the  e l ec t ro lys i s  u n i t  on demand. 

Water produced i n  the Bosch reactor  i s  t ransferred 

This Bosch reactor water along w i t h  e l ec t ro lys i s  make-up 

3.2.3 USED WASH WATER. 
subsystem i s  transferred t o  the used wash water col lect ion tank which i s  held 
a t  a pressure of 1-2 >= ig  (3.85 - 4.80 psig i n  prototype system). 
ment dis infectant  i s  added by inject ing it i n t o  a di lu t ion  chamber. When it i s  
time t o  purify the used wash water, the contents of the col lect ion tank i s  
t ransferred t o  the  pretreatment tank i n  processing u n i t  #l and the operation 
of the  un i t  i s  in i t i a t ed .  
condensate) i s  transferred t o  holding tank #2 or  #l. 
the  recovered water qual i ty  i s  COntinUOUsly monitored by an in- l ine conductivity 
probe. 
t i v i t y  passes from the uni t .  A batch of recovered water i s  checked f o r  bac te r ia  
( requir ing about 24 hours during which t h e  the  second holding tank i s  avai lable  
fo r  use). 
water storage tank. 
t h e  used wash water col lect ion tank f o r  reprocessing. 

Used wash water or iginat ing i n  the  personal hygiene 

A pre t r ea t -  

Recovered wash water (along w i t h  recovered humidity 
As i n  processing u n i t  #2, 

An alarm and diver tbr  valve w i l l  operate i n  case water of high conduc- 

Recovered water meeting pu r i ty  standards i s  t ransferred t o  the potable 
Water not meeting pu r i ty  standards i s  t ransferred back t o  

3.2.4 HUMIDITY CONDENSATE. Condensate from the main cabin a i r  dehumidifier 
i s  delivered continuously t o  the  condensate col lect ion tank which i s  held a t  a 
pressure of 1-2 psig (3.85 - 4.80 ps ig  i n  prototype system). 
injected upstream of the  t a n k  t o  prevent bac te r i a l  growth. 
is recovered i n  processing un i t  #1 i n  t h e  same manner as i s  used wash water. 
Recovered condensate i s  passed t o  t h e  same holding tank as the  recovered wahh 
water and i s  sampled and checked fo r  bac te r ia  P f t e r  being mixed with the re- 
covered wash water. 

Msinfec tan t  is 
Humidity condensate 

3.2.5 RECOVWED WATERS. Recovered ur ine water i s  stored i n  the  wash water 
storage tank where it i s  available a t  4-5 ps ig  t o  the  personal hygiene subsystem. 
The prototype storage tank w i l l  be pressurized a t  9.35 t o  10.5 p i g .  
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Recovered wash water and humidity condensate are  stored i n  the potable 
water storage tank where it i s  available a t  4-5 psig t o  the  food management 
subsystem fo r  drinking and food preparation. 
be pressurized a t  9.35*u,S psig. 
transferred t o  the e l ec t ro lys i s  accumulator and wash water storage tank as 
make-up. The quantity of f resh  water required f o r  i n i t i a l  system start-up 
( t o  achieve steady s t a t e )  amounts t o  approxlmately 133 l b s  (See Appendix A). 

The prototype storage tank w i l l  
Sane of the potable water i s  per iodicel ly  

3.2.6 MAINTENANCE REGgJIEtEMNTS FOR TKE N O W  MODES OF OF’ERATION. Determine- 
t i o n  of the appropriate servicing and preventive maintenance by the open  tonal  
crew w i l l  be r e s t r i c t ed  t o  v i sua l  inspection of r ead i ly  accessible and d i  t l y  
in te rpre tab le  indications of condition or  t o  procedural compliance with a 
scheduled operation. 

Performance of such a c t i v i t y  will not require  more th.n one crew member and 
w i l l  be r e s t r i c t e d  t o  simple manual operations employing a m i n i m u m  of too ls  and 
equipment. 
involve precis ion i n  the matching of surfaces, i n  t he  alignment or  torqueing 
of connectors, o r  i n  the handling of waste or  consumed materials.  

Operations requiring removing and replacing of components w i l l  not 

Execution of these a c t i v i t i e s  s h a l l  require a minimum of interference with 
the a v a i l a b i l i t y  of the  subsystem. 

Processing u n i t  #1 and #@ a r e  i den t i ca l  a i r  evaporation systems and require  
rout ine maintenance i rc luding replacement i s  wick canis te rs  and f i l ters  and 
replenishment of pretreatment chemicals. 
i s  designed t o  prevent leakage of odorous gases in to  t h e  cabin atmosphere. 

The technique for  wick replacement 
0 

3.3 BACK-UP mDE OPEBATION 

The two a i r  evaporation un i t s  a r e  sized and interconnected so t h a t  breakdown of 
e i t h e r  processing un i t  w i l l  allow operation a t  the  minimum continuous l e v e l  i n  
the  working u n i t  (see Section 3.1.1). 
cessing provides addi t ional  time for  r epa i r s  i n  addi t ion t o  reducing the serious- 
ness of the f a i l u r e  which i n  t u r n  increases the  probabi l i ty  t h a t  normal resupply 
W i l l  be adequate. 

The a l t e rna te  source of recovery pro- 

Detai l  equipment design must assure t h a t  servicing and maintanance demands 
on the  crew a re  not excessive and tha t  po ten t ia l  s a fe ty  problems associated with 
servicing and maintenance a r e  minimized. 

Repair or replacement of c r i t i c a l  components under weightless conditions 
i s  a spec i f ic  maintenance requirement and w i l l  be included i n  i t s  r e l i a b i l i t y  
r a t ing .  It i s  a design objective that such maintenance be possible while the  
operator i s  wearing a pressurized su i t .  Such considerations must be balanced 
aga ins t  design approaches which assure high confidence f o r  performance with 
respec t  t o  the  primary (basic)  water recovery management functions. 



3.3.1 Figure 3.1 shows the valve se t t i ngs  
required t o  i n i t i a t e  the back-up mode. (Valve 2B would be s e t  t o  "dead-end" 
posi t ion a f t e r  a batch of waste water i s  t ransferred t o  the  processing "pre- 
treatment tank" and before processing i s  in i t i a t ed ) .  
processed i n  processing un i t  #2 t o  maintain the  min imum continuous l e v e l  of 
operation. 

BREAWBWN OF P.F@CESSING UMT #l. 

A l l  three waste waters are 

3.3.2 
i n i t i a t e d  as i l l u s t r a t e d  i n  Figure 3.2. (Valve 2 A  would be s e t  t o  a "dead end" 
posi t ion after a batch of waste water i s  t ransferred t o  the processing unl #l 
"pretreatment tank" and before processing i s  in i t i a t ed .  ) . ,ers 
a re  processed i n  processing un i t  #l t o  maintain minimum continuous l e v e l  
operation. 

BREAKDOWN OF PROCESSING UNIT #. The back-up mode fo r  t h i s  f a i l u r e  i s  

The three waste 

3.3.3 EME8GENGY SITUATION. An emergeney condition is considered t o  occur when 
both air evaporation un i t s  fa i l .  Water storage and the  emergency a n i t  processing 
capacity i s  such that  minimum subsistance leve ls  for water w i l l  be obtained f o r  
a maximum period of 17 days. This time i s  considered su f f i c i en t  t o  allow f o r  t he  
r epa i r  of f a i l i n g  uni t s  and/or receive water and equipment from resupply. 

The emergency mode of operation i s  defined i n  Section 3.1.1. This mode of 
operation i s  i l l u s t r a t e d  i n  Figure 3.3. 
would be stored u n t i l  the capacity of the  urine and wash water col lect ion tanks 
i s  exceeded. The ur ine would then be vented overboard. 

consis ts  of 4.84 lbs/rnan-day of recovered humidity condensate and 1.90 lbs/man-day 
of Bosch reactor water. 
be 7.65 l b s  fo r  drinking and food rehydration plus 2.10 lbs/man-day f o r  e lec t ro lys i s .  
Table 3.1 shows the emergency water balance f o r  17 days. 
be seen that  a t o t a l  205 lbs  of water i s  required f o r  emergency storage. 

During the  emergency s i tuat ion,  ur ine 

I n  addition t o  stc-ed water, water avai lable  during the emergency conditions 

Water consumed (other than t h a t  contained i n  food) would 

0 

From t h i s  balance it can 

w 3.1 
EMERGENCY WAm BALANCE 

Source or  Use Water Consumed, lbs .  Water Available, lbs  . 
Drinking and food preparation 

For e lec t ro lys i s  

Recovered humidity condensate 

From Bosch reactor  

Wergency storage 

An addi t ional  emergency 

520 

143 

- 
663 

msiderat ion involves t h  

329 
3-29 

205 
663 

contamination of the  emer- 
gency water storage supply. A sample por t  i s  provided on the  emergency storage tank 
so t h a t  periodic bac ter ia  checks can be made. 
have been contaminated with bacteria, BAC will be added so that the final concentra- 
t i o n  i s  1:100,O00. A t  t h i s  concentration t h e  BAC cannot be detected by organoleptic 
t e s t s .  Test on i es t ion  of water with BAC have been made on animal c lon ies  at 
concentrations of?f:l.OOO without cumulative tox ic  e f f ec t s  (Reference ET. 

In the  w e n t  t h a t  the arcrgency s to re s  
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Integration of the water management subsystem within the l i f e  support system 
involves several subsystems. 
the following paragraphs. 

4.1 POWW 

These integration requiranents are discuased in 

Table 4.1 shows the estimated power requirements for the water managent sub- 
system. 
lating fans. The prototype units w i l l  be smaUer than the units specified for  
f l ight and will consume samewfrat less theoretical power as shown in  Tsble 4.1. 
In addition t o  power for the fans, 8me power will be required for instrumentation 
and control (estimated as 15 watts). 

Operation of the  air evaporation units requires power for the recircu- 

F l igh t  Prototype 
minal oper. N a n i n e l  mer. 

Cawanent Power, watts Time, h r s / d q  Pow-, watts Time, hrs/dm 

Processing Unit & 87 6 . 5  73 8 

0 

Processing U n i t  fi 87 16 73 20 

4.2 THERMAL REgzJlRlWENTS (Heating and Cooling) 

Heat f'ran the process heat fluid loop (Dar Corning 331) is  uti l ized in the air 
evaporation units. In addition, the cooling fluid loop (Minnesota Mining and 
Manufacturing FC-75) must be used for heat rejection in the processing units. 
Table 4.2 summarizes the estimated heating and cooling requirements of the water 
management subsystem. 

The flow rates and temperatures of the heating and cooling fluids are 
subject t o  change 86 the designs of the a i r  evaporation units are more firmly 
established. 

There w i l l  be sane heat lost fran the air evapor8tion units to the cabin 
abosphere. The loss should be small. 

20 



TABLE 4.2 

ESTIMATED HEATING AND COOLING FU3QU-S - WATER MANAGEMENT SUBSYSTEM 

Heat t o  Temp. of  Jii.tic Nominal Oper. 

Btu/hr OF lbs/hr h r  s/day 
FLIGHT SUBSYSTEM Fluid Fluid of Fluid time 

He a t  ing : 

--- 16 Processing Unit #1 2385 e-- 

Processing Unit #& 2385 --- --- 6- 5 

Cooling: 

--- 16 Processing Unit #1 2525 --- 
Processing Unit #2 2525 --- --- 6.5 

PROTOTYPE SUBSYSTEM 

Heating : 

Processing Unit #1 1932 345-385 20-50 (30) 20 

Processing Unit #2 1417 345-385 20-50 (30) a 

Processing Unit #1 2248 34 250-350 (250) 20 

Coo 1 ing : 

Processing Unit j@ 1657 70 250-350 (250) 8 

4.3 WATER TRANSFER 

A summary of the water t ransfer  requirements i s  given i n  Table 4.3.  
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Subsystem From Subsystem To Source or Use Water W t  . , 
IbdaeLy 

Waste Management Water Management Urine 1.3.2 

Personal Hygiene Water ManagQlent Used Wash Water 13.2 

Atmospheric Control Water Msnagement Humidity Condensate 19.6 

Atmospheric Control Water Management Bosch CO2 Reduction 7.6 

Water Management Food Managanent Drinking & Food Prep'n 30.6 

Water Management Atmospheric Control Electrolysis 

Water Management Personal Hygiene For Washing 

8.4 

13.2 

4.4 INS-TION AND CONTROL 

For operation of the two air evaporation units, autanatic control of the following 
parameters is required: 

a. Feed ra te  

b. Air temperature damst ream of the evaporator 

In addition, the following parameters must be monitored for assurance of 
operation according t o  processing requirement: 

a. W a t e r  conductivity 

b. Uater contamination 

c. Pretreatment tank level 

d. Water output rate 

The emergency f i l t ra t ion  system reguires control of the flow rate only. One 
other control requirement cane8 f'ran the use of pressurized tsnlrs which require 
continuous control of air pressures. 
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4.5 WASTE DISPOSAL 

Residues, i n  wick canisters,  and charcoal f i l t e r s  from the processing uni t s  
must be stored. Storage f a c i l i t i e s  within the waste management system are  
designed t o  prevent escape of any undesirable odors. Urine residues amount 
t o  approximately 0.7 lbs/day; wash water and condensate residues amount t o  
approximately .035 t o  0.1 lbs/day. 

4.6 VACUUM SOURCE AND PIUMBING 

A vacuum vent t o  the ur ine storage tank w i l l  be provided t o  vent urine ob + -  
board i n  case of operation i n  the emergency mode. 
Fluid l i nes  between the thermal control system f o r  heating and cooling f lu ids  
a re  required. 
4.3 a re  a l s o  required. 

(See Paragraph 3.3.3) 

Water l i n e s  between various subsystems as indicated i n  Table 

4.7 RESUPPLY 

Charcoal f i l t e r s ,  wick cartridges and pretreatment chemicals w i l l  have t o  be 
replenished a t  the end of each 90 day resupply period. 
emergency f i l t r a t i o n  un i t  w i l l  a lso have t o  be resupplied i f  they a re  used. 

The f i l t e r s  of the 
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APPENDIX A 

In order t o  achieve i n i t i a l  start-up of the water management recovery 8ystdms, 
an analysis of the recovery unit time constants along with the crew use rates 
and production rates was made. The results of the study are summarized in  the 
schedule shown in  Table A. 

It is assumed that the crew does not wash on the  first day of the mi  -en. 
It sheuld be noted tha t  after f m  days of operation, steady state i S  achieved. 
On the third clay, the water reclahed fraarmine (processed on the second day) 
is passedto fresh storage for  use after a check for  impurities. 
fran humidity condensate and wash water requires holding an additional d,ay for  
completion of a bacteria check. 

Water reclaimed 

30.6D 19.6~ 19.6~ 1 9 . 3 6 ~  19.36~ 

13.2~ 13.2~ u-2w 12.8011 12.8~ 
5 0.8~ 13.2~ 13.m 12.5klW 0 

Subtotal 120.8 
NOTE: D - H@ for drinking and foodprep'n Add lo$ 12 

E - H$ for electrolysis make-up 

C - Humidity condensate 
U - Urine 

W - W m h  H$ 

UW - Urine water 
24 
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